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Abstract: One of the most debilitating symp-
toms of chronic obstructive pulmonary disease
(COPD) is breathlessness, which leads to
avoidance of physical activities in daily living
and hastens clinical deterioration. Treatment of
patients with COPD with inhaled long-acting
muscarinic antagonist (LAMA)/long-acting f,-
agonist (LABA) combination therapy improves
airflow limitation, reduces breathlessness com-
pared with LAMA or LABA monotherapies, and
improves health status and quality of life. A
large clinical trial programme focusing on the
effects of tiotropium/olodaterol combination
therapy demonstrated that this LAMA/LABA
combination improves lung function and
reduces hyperinflation (assessed by serial
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inspiratory capacity measurements) compared
with either tiotropium alone or placebo in
patients with COPD. Tiotropium/olodaterol
also increases exercise endurance capacity and
improves patient perception of the intensity of
breathlessness compared with placebo. In this
narrative review, we focus on the relationship
between improving symptoms during activity,
the ability to remain active in daily life and how
this may impact quality of life. We consider the
benefits of therapy optimisation by means of
dual bronchodilation with tiotropium/olo-
daterol, and present new data from meta-anal-
yses/pooled analyses showing that tiotropium/
olodaterol improves inspiratory capacity com-
pared with placebo and tiotropium and
improves exercise endurance time compared
with placebo after 6 weeks of treatment. We also
discuss the importance of taking a holistic
approach to improving physical activity,
including pulmonary rehabilitation and exer-
cise programmes in parallel with bronchodila-
tor therapy and psychological programmes to
support behaviour change.
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Key Summary Points

Breathlessness, one of the most
debilitating symptoms of COPD, leads to
avoidance of physical activities in daily
living and hastens clinical deterioration.

Treatment of patients with COPD with the
inhaled dual bronchodilator therapy
tiotropium/olodaterol reduces
breathlessness, decreases hyperinflation
(marked by increases in inspiratory capacity)
and increases exercise endurance capacity.

Overall, dual bronchodilation with
tiotropium/olodaterol is associated with
positive effects that may help to promote
physical activity in patients with COPD.

A holistic approach to improving physical
activity is important, including pulmonary
rehabilitation and exercise programmes in
parallel with bronchodilator therapy and
psychological programmes to support
behaviour change.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide and graphical
abstract, to facilitate understanding of the arti-
cle. To view digital features for this article go to
https://doi.org/10.6084/m9.figshare.13160231.

INTRODUCTION

Activity-related breathlessness—one of the most
common symptoms of chronic obstructive pul-
monary disease (COPD)—is generally noticed and
reported by patients from the early stages of COPD
progression [1, 2]. Activity-related breathlessness
has a severe impact on all aspects of patients’ lives,
preventing them from full participation in any-
thing in life that involves physical activity [3, 4].
Patients often adopt a sedentary lifestyle to cope
with symptoms, which can lead to underappreci-
ation of the degree of limitation and dyspnoea, and
thus prevents them from being further investi-
gated and treated [5]. Reduced levels of physical
activity promote deconditioning of muscles,
thereby leading to increased ventilation require-
ment for a given level of activity, more breathless-
ness during physical activity and further limitation
in physical activity level—the so-called “dysp-
noea-inactivity vicious cycle” [6] or “downward
spiral of disability” [7-10].
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Population-based data demonstrate that as
little as 2 h of activity per week, either walking
or cycling, can have significant positive effects
on the course of COPD [11]. Conversely, phys-
ical inactivity is a major—indeed, perhaps the
strongest—risk factor for poor outcomes in
patients with COPD [12]. As well as its associa-
tion with breathlessness, physical inactivity is
also linked to an increased risk of exacerbations,
hospitalisations and mortality [11, 13-15].
Owing to the significant burden of breathless-
ness and activity limitation, and to their impact
on the deterioration of patients’ health and
future outcomes, improving breathlessness and
activity tolerance are important goals in the
treatment of COPD [16]. Indeed, reducing the
breathlessness experienced by patients during
activity may be key to encouraging patients to
remain active and improve their quality of life
[17].

Symptoms experienced by patients diag-
nosed with COPD vary, and include chronic
progressive breathlessness, cough and sputum
production, wheezing and chest tightness [18].
To alleviate these symptoms, inhaled long-act-
ing B,-agonists (LABAs) and long-acting mus-
carinic antagonists (LAMAs) are regularly
prescribed as maintenance treatment [16]. Five
approved LAMA/LABA combinations (acli-
dinium/formoterol, glycopyrrolate/formoterol,
umeclidinium/vilanterol, glycopyrronium/in-
dacaterol and tiotropium/olodaterol) have
demonstrated safety profiles that are consistent
with their monocomponents [19].

In this non-systematic narrative review, we
focus on evidence supporting the effects of tio-
tropium/olodaterol on activity-related breath-
lessness and the capacity to perform physical
activity, and how this affects patients’ experi-
ence of physical activity. In addition to
reviewing previously published studies, we
describe new data from meta-analyses/pooled
analyses evaluating the effect of tiotropium/
olodaterol on inspiratory capacity (IC) and
exercise endurance time. We also examine the
relationship between reducing activity-related
breathlessness, the ability to remain active day-
to-day and how this may impact quality of life.

This article is based on previously conducted
studies and does not contain any new studies

with human participants or animals performed
by any of the authors.

TIOTROPIUM/OLODATEROL
CLINICAL TRIAL PROGRAMME:
OVERVIEW

A comprehensive set of studies with large study
populations (over 16,000 patients combined)
investigated the role of tiotropium/olodaterol
on lung function and health status/quality of
life. Long-term phaseIll clinical trials estab-
lished that tiotropium/olodaterol improves air-
flow  obstruction compared with its
monocomponents, as well as improving health
status/quality of life [20-22]. Improvements in
St. George's Respiratory Questionnaire scores (a
measure of impact on overall health, daily life
and patient-perceived well-being in people with
obstructive airways disease) and Mahler Transi-
tion Dyspnoea Index focal score (a measure of
breathlessness in daily life) provided evidence
that the observed improvements with tio-
tropium/olodaterol translate into patient-re-
ported improvements in health status/quality of
life and activity-related breathlessness [20, 22].
Given the importance of these findings, the
effects of tiotropium/olodaterol treatment on
activity-related breathlessness were studied in
more detail in several trials during the tio-
tropium/olodaterol clinical programme.

TIOTROPIUM/OLODATEROL
IMPROVES LUNG HYPERINFLATION

In COPD, forced expiratory volume in 1 s (FEV;)
is a commonly used endpoint as a measure of
treatment efficacy [23]. However, the relation-
ship between FEV; and daily physical activity is
relatively modest, suggesting that the decrease
in physical activity with COPD does not depend
only on the severity of airflow limitation mea-
sured at rest, but may also depend on other
factors, including dynamic hyperinflation [24].
In clinical practice and research, the degree of
hyperinflation at rest and exercise may be
tracked by measuring IC [25, 26]. A progressive
reduction in IC during exercise is a sign of
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ongoing gas trapping [26]. There are many
studies demonstrating that bronchodilator
treatment leading to lung deflation (i.e. an
increase in IC) is associated with clinically
important improvements in breathlessness and
in the level of patients’ exercise endurance
[26, 27].

Tiotropium/olodaterol treatment has been
repeatedly found to improve lung function and
reduce hyperinflation compared with either of
the monocomponents or with placebo in
patients with COPD [21, 28-30]. In the VIVA-
CITO incomplete-crossover study, 6 weeks’
treatment with tiotropium/olodaterol increased
IC + standard error (SE) at 2.5 h post treatment
(tiotropium/olodaterol 5/5 pg: 0.351 £+ 0.038 L;
placebo: 0.016 + 0.040L; P < 0.0001 for tio-
tropium/olodaterol versus placebo) (Table 1)
[21]. This was further supported by a significant
decrease in functional residual capacity with
tiotropium/olodaterol versus placebo (tio-
tropium/olodaterol 5/5 ng: — 0.547 L; placebo:
— 0.052L; P<0.0001) [21]. Residual volume
also decreased significantly with tiotropium/
olodaterol (P < 0.0001 versus placebo) [21]. In
the MORACTO study, IC prior to exercise was
greater after 6 weeks of treatment with tio-
tropium/olodaterol 5/5 pg compared with pla-
cebo (mean =+ SD 0.254 + 0.019 L; P < 0.0001;
Table1); mean IC also increased in
TORRACTO with tiotropium/olodaterol com-
pared with placebo after 6 and 12 weeks (de-
scriptive statistics, nominal P < 0.05 at both
time points) [28, 29]. More recently, in the
OTIVATO study, which was conducted in
patients with evidence of hyperinflation and
breathlessness during everyday activities, tio-
tropium/olodaterol 5/5 pg increased mean rest-
ing IC &+ SE from baseline by 0.489 + 0.049 L
after 6 weeks of treatment, with a treatment
difference versus tiotropium monotherapy of
0.218 L (95% confidence interval [CI] 0.121L,
0.314 L; P < 0.0001) (Table 1) [30].

In order to summarise previously published
data, we also performed a meta-analysis/pooled
analysis evaluating the effect of tiotropium/
olodaterol on inspiratory capacity at rest in
MORACTO 1 and 2, TORRACTO, VIVACITO
and OTIVATO (see Box 1 for details).

EFFECT OF TREATMENT
WITH TIOTROPIUM/OLODATEROL
ON EXERCISE CAPACITY

Exercise endurance tests are often used in clinical
trials to evaluate exercise capacity. These tests
generally involve walking on a level surface or
cycling on a stationary bicycle. In some of the
tests, exercise intensity is externally controlled
either by imposing a walking speed or by the
work rate on a bicycle. Patients are asked to
exercise until limited by exhaustion; the out-
come variables are the endurance time and
symptoms that can be measured at the same
exercise intensity and duration each time they
undertake the test (“isotime”). Summaries of
some of the more commonly used tests and the
proposed minimal clinically important differ-
ence for each outcome measure can be found in
Table 2. Options to evaluate patient endurance
include the constant work rate cycle ergometry
(CWRCE; cycling conducted at a set resistance for
as long as patients can continue or until they are
limited by their symptoms) and the endurance
shuttle walk test (ESWT; patients walk back and
forth between two cones placed 10 m apart at a
predefined and constant speed until they are
impeded by symptoms) (Table 2) [31, 32]. The
6-min walk test (6MWT; during which patients
are asked to walk as far as they can back and forth
between two cones placed 100 feet apart in
6 min) is another commonly used exercise test
[33]. However, its design differs from the two
preceding tests because the walking speed is self-
controlled and may vary from one test to
another. As such, it is not possible to measure
symptoms at the same work intensity with this
test. Rather, the outcome variable with the
6MWT is walking distance. In addition, as 6MWT
is self-paced, it provides a measure of exercise
performance rather than being a maximal test; it
is therefore not as responsive to bronchodilator
therapy as CWRCE and ESWT [34, 35].
Monitoring exercise capacity in a laboratory
setting allows accurate physiological evaluation in
a controlled environment. Treatment with tio-
tropium/olodaterol has been found to improve
exercise capacity during walking and cycling tests.
Two 6-week, replicate, incomplete-crossover
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Table 2 Minimal clinically important differences for outcome measures used in COPD

Endpoint MCID Measurement
(improvement)
Breathlessness (dyspnoea)
TDI total score [59] 1 unit The TDI score is used to measure the severity of breathlessness
related to activities of daily living
Health status
SGRQ total score [60] 4 units Measure of health-related quality of life

CRQ domain scores [61] 0.5 units (average)”
Exercise capacity

6-min walk distance test 26 & 2 m (patients

Measures physical and emotional aspects of respiratory disease

Measures the distance that a patient can walk on a flat, hard surface

(33, 62] with severe COPD) in a period of 6 min
Incremental shuttle 47.5m The patient is required to walk around two cones a set distance apart
walking test [31, 63] in time to a set of auditory beeps progressively increasing in speed
Endurance shuttle 45-85s The patient is required to walk around two cones a set distance apart
walking test [64, 65] in time to a set of auditory beeps at a predetermined and constant
speed
Constant work rate 46-105's Measures the time patients are able to exercise at a constant work
cycling endurance test rate on a cycle ergometer, usually set between 75% and 80% of
(32] symptom-limited maximal exercise in an incremental test

Breathlessness (dyspnoea) during exercise tests

Modified Borg scale 1 unit
(39, 66, 67]

Patient assesses degree of breathlessness on a 0-10 scale

CRQ Chronic Respiratory Questionnaire, MCID minimal clinically important difference, SGRQ St. George’s Respiratory

Questionnaire, 7DI Transition Dyspnoea Index

* The MCID:s for the individual domains differ around this mean estimate

studies, each in approximately 300 patients, found
a 20.9% and 13.4% increase in geometric mean
exercise endurance time during CWRCE in
MORACTO 1 and MORACTO 2, respectively (both
P <0.0001) in patients with COPD treated with
tiotropium/olodaterol compared with placebo
(Table 3) [28]. More recently, data from
TORRACTO demonstrated, in approximately 400
patients, that tiotropium/olodaterol 5/5 pg
improved exercise endurance time by 13.8% versus
placebo (geometric mean + SE, tiotropium/olo-
daterol  5/5pg: 527.5 £ 20.2s;  placebo:
463.6 £+ 18.8 s; P = 0.02 for tiotropium/olodaterol
versus placebo) during CWRCE after 12 weeks

(Table 3) [29]. This study also included an ESWT
outcome in a subset of patients. After 12 weeks of
treatment with tiotropium/olodaterol 5/5 pg,
walking endurance time increased by 20.9% com-
pared with placebo (geometric mean + SE, tio-
tropium/olodaterol  5/5 pg: 376.4 £ 25.0s;
placebo: 311.4 + 22.55s; descriptive statistics,
nominal P = 0.055 for tiotropium/olodaterol ver-
sus placebo) (Table 3) [29].

Additional insight comes from our meta-
analysis/pooled analysis that we performed to
evaluate the effect of tiotropium/olodaterol on
endurance time during CWRCE in MORACTO 1
and 2 and TORRACTO (see Box 1 for details).
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BOX 1. META-ANALYSES/POOLED ANALYSES
OF TIOTROPIUM/OLODATEROL ON HYPERINFLATION
AND EXERCISE ENDURANCE

To summarise the data from previous studies, we
performed new analyses to investigate the effects of
tiotropium/olodaterol on hyperinflation (measured
by IC) and exercise endurance time in a large popu-
lation of patients with COPD from MORACTO 1 and
2, TORRACTO, VIVACITO and OTIVATO. Inclusion
criteria for patients included a diagnosis of COPD,
age > 40 years, a smoking history > 10 pack-years,
and FEV; < 80% predicted in all trials and > 30%
predicted in four of the five trials. We examined the
effects of once-daily tiotropium/olodaterol 5/5 pg
versus tiotropium 5 pg or placebo treatment on IC at
rest and endurance time during CWRCE in patients
with COPD at 6 weeks. Since the trials had different
designs (parallel-group versus crossover), meta-anal-
yses were performed on IC data and endurance time
data from the three placebo-controlled studies that
were available (MORACTO 1 and 2 and TORRACTO).
A fixed-effect meta-analysis using the inverse-vari-
ance method [36] was adopted in this analysis. For
studies where the study designs were sufficiently
similar in terms of endpoint, treatment and duration
to warrant pooling of data, pooled analyses were
performed on IC data from MORACTO 1 and 2,
VIVACITO and OTIVATO and endurance time data
from MORACTO 1 and 2 versus tiotropium.

In the meta-analysis of three placebo-controlled
trials (MORACTO 1 and 2, and TORRACTO), tio-
tropium/olodaterol (n = 570) improved IC by 0.25 L
95% CI 0.22, 0.29; P <0.0001) versus placebo
(n = 532) at 6 weeks (Fig. 1a). In the pooled analysis of
the four trials that included a comparison with tio-
tropium (MORACTO 1 and 2, OTIVATO and VIVA-
CITO), tiotropium/olodaterol (n = 632) improved IC
by 0.12 L (95% CI 0.09, 0.15; P < 0.0001) compared
with tiotropium alone (n = 615) (Fig. 1a).

For endurance time, there were significant
improvements during CWRCE with tiotropium/olo-
daterol (n = 563) compared with placebo (n = 535).
Tiotropium/olodaterol increased endurance time by
18% compared with placebo (P < 0.0001) in the
meta-analysis of MORACTO 1 and 2 and TORRACTO,
but not compared with tiotropium in the pooled
analysis of MORACTO 1 and 2 (Fig. 1b).

The results of these meta- and pooled analyses
support an overall benefit with combination tio-
tropium/olodaterol treatment versus placebo or tio-
tropium alone in terms of IC, and versus placebo for
endurance time.

DECREASE IN BREATHLESSNESS
DURING EXERCISE TESTS

IN PATIENTS TREATED

WITH TIOTROPIUM/OLODATEROL

Improving breathlessness and physical activity
are important goals in the treatment of COPD,
and considered a valuable component of COPD
assessment, particularly in response to treat-
ment [16]. Exercise studies have demonstrated
that bronchodilator treatment improves activ-
ity-related breathlessness in patients with COPD
28, 29, 37]. The 1-year, replicate, parallel-
group, multicentre TONADO trials demon-
strated that dual bronchodilation with tio-
tropium in combination with olodaterol in
patients with moderate to very severe COPD
improves lung function and reduces breath-
lessness compared with the monocomponents
[20].

It is important to understand how reducing
hyperinflation with tiotropium/olodaterol
treatment can help to decrease activity-related
breathlessness. Measuring patient perception of
symptoms is very informative in understanding
how the information arising from the exercising
locomotor and respiratory muscles is integrated
by the central nervous system [38]. One
approach used is to ask patients to rate their
breathlessness during controlled in-clinic exer-
cise tests using a scale such as the modified Borg
scale (Table 2) [38, 39]. This scale is a simple
numerical list from which patients are asked to
rate their symptoms during exertion [40].

Treatment with tiotropium/olodaterol has
consistently been found to decrease breathing
discomfort, measured using the Borg dyspnoea
scale during CWRCE. In the 6-week repli-
cate  MORACTO trials, tiotropium/olodaterol
reduced breathing discomfort at isotime during
CWRCE by 0.693 Borg units (P = 0.0001) com-
pared with placebo [28]. The 12-week
TORRACTO clinical trial found that treatment
with tiotropium/olodaterol decreased breathing
discomfort versus placebo at isotime during the
CWRCE at week 6 (— 0.600 Borg units; 95%
CI — 1.180, — 0.019; P =0.0429) and a trend
for decreased breathing discomfort at week 12
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(a) nT/O/ Mean difference, Pval
comparator L (95% Cl) vaitie
IC vs PBO
Meta-analysis 570/532 T/O 5/5 pg vs PBO y 0.25 (0.22, 0.29) <0.0001
IC vs Tio
Pooled analysis 632/615 T/0O 5/5 pg vs Tio e 0.12(0.09, 0.15) <0.0001
0.0 0.1 0.2 0.3 04
Adjusted mean
treatment difference, L
(95% Cl)
(b)
nT/IO/ Mean treatment P val
comparator ratio (95% Cl) value
ET vs PBO .
]
Meta-analysis 563/535 T/O 5/5 pg vs PBO i —— 1.18 (1.13, 1.23) <0.0001
ET vs Tio i
Pooled analysis 428/418 T/O 5/5 pg vs Tio l—i'o—l 1.02 (0.97, 1.07) NS
1
!
0.8 1.0 1.5

Mean treatment ratio

(95% ClI)

Fig. 1 Effects of tiotropium/olodaterol 5/5 pg versus
placebo and tiotropium 5 pg after 6 weeks’ treatment on
a  inspiratory  capacity at rest (meta-analysis:
MORACTO 1 and 2 and TORRACTO; pooled analysis:

MORACTO 1 and 2, VIVACITO and OTIVATO) and
b endurance time during CWRCE (meta-analysis:

(— 0.348 Borg wunits; 95% CI — 0.936, 0.239;
P =0.2451) [29].

The 3-min constant speed shuttle test is an
exercise test specifically designed to measure
the effect of interventions on breathlessness
during activity. Patients are asked to score their
perception of breathlessness before, after and at
prespecified time points during the shuttle test
using the Borg scale [41, 42]. In contrast to the
6MWT, the walking speed is fixed, allowing
breathlessness perception at the same exercise
intensity to be compared before and after
treatment. In a recent two-period crossover
study, 6 weeks of treatment with tiotropium/
olodaterol and tiotropium alone reduced the
intensity of breathlessness at the end of the
3-min constant speed shuttle test (mean
improvement — 1.325 units [95% CI — 1.594,
— 1.056] and — 0.968 units [95% CI — 1.238,
— 0.698], respectively) compared with baseline
[30]. In this trial, a statistically significantly
greater reduction in the intensity of breathless-
ness was observed with tiotropium/olodaterol

MORACTO 1 and 2 and TORRACTO; pooled analysis:
MORACTO 1 and 2). CI confidence interval, CWRCE
constant work rate cycle ergometry, ET endurance time,
IC inspiratory capacity, L litre, NS not signiﬁcant, PBO
placebo, Tio tiotropium, T/O tiotropium/olodaterol

versus  tiotropium  (treatment difference
— 0.357 units; 95% CI - 0.661, — 0.053;
P =0.0217) [30]. Despite the between-treatment
difference in dyspnoea score being relatively
small, it was calculated that a number needed to
treat (NNT) of 7 was necessary to achieve a
clinically relevant improvement in activity-re-
lated breathlessness (at least a 1-point
improvement in the modified Borg dyspnoea
score) for tiotropium/olodaterol compared with
tiotropium in one patient [30]. Considering the
favourable safety profile of tiotropium/olo-
daterol, this NNT was felt to be clinically rele-
vant [43].

DECREASE IN BREATHLESSNESS
DURING ACTIVITIES OF DAILY LIFE
WITH TIOTROPIUM/OLODATEROL

Another approach to measure activity-related
breathlessness is to use questionnaires that
require patients to recall their symptoms during
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V1 V2 V3V4

V5 V6 V7 V8 V9

SMBM + T/O + ExT

SMBM + T/O

SMBM + placebo

BM week 1 O @ O

Exercise training 8 weeks }

Follow-up

4 weeks '

Fig. 2 PHYSACTO study design (NCT02085161) [44].
AM activity monitoring, BM behavioural monitoring, ExT
exercise training, T tiotropium, T/O tiotropium/

daily life [17]. The PHYSACTO trial utilised the
Chronic Respiratory Questionnaire (CRQ),
modified Medical Research Council (mMRC)
questionnaire and Functional Performance
Inventory Short Form questionnaire to assess
the impact of interventions on breathlessness or
their effect on daily activities. In this study, all
patients were enrolled in a self-management
behaviour modification programme and treated
once daily with tiotropium/olodaterol (either
alone or in combination with exercise training),
placebo or tiotropium alone (Fig. 2) [44]. Treat-
ment with tiotropium/olodaterol, with or
without exercise training, reduced physical
activity-related breathlessness, and patients
reported less difficulty while performing physi-
cal activity of daily living compared with pla-
cebo [17].

As shown by improvements in the dyspnoea
domain of the CRQ (CRQ-SAS dysp), tio-
tropium/olodaterol reduced breathlessness dur-
ing activity versus baseline after 12 weeks, with
adjusted mean changes &+ SE in CRQ-SAS dysp
of 0.71 £ 0.10 or 0.59 £ 0.10 either with or
without exercise training, respectively (both
P <0.05 wversus baseline) [17]. This was

12 weeks

O ® I BM week@

3 weeks

olodaterol, SMBM self-management behaviour modifica-
tion. Reproduced with permission from Troosters et al.

[44]

confirmed by an improvement in mMRC score
observed at 12weeks with tiotropium/olo-
daterol with or without exercise training (ad-
justed mean change £ SE versus placebo
- 044 £0.13 [P=0.001] and - 0.36 £ 0.13
[P =0.007], respectively) [17]. Improving
patients’ overall experience of physical activity
by decreasing breathlessness and perceived dif-
ficulty of activity could be an important con-
tributor to long-term adherence to an active
lifestyle for patients with COPD, resulting in an
improved quality of life [45].

HOLISTIC APPROACH
TO IMPROVING PHYSICAL ACTIVITY

COPD is a complex disease with multiple effects
beyond the respiratory system. It is becoming
apparent that increasing physical activity and
reducing discomfort during physical activity
requires a more holistic approach than solely
providing adequate bronchodilation. Treatment
should consider all aspects of the disease,
including mental, physical and emotional
health. Pulmonary rehabilitation and exercise
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programmes can improve patients’ physiology
[46, 47], while counselling or psychological
programmes support the change in behaviour
that is needed for patients to be more active
[48]. Increasing and maintaining physical
activity has been demonstrated to have a posi-
tive impact not only on breathlessness but also
on poor outcomes in patients with COPD,
including risk of exacerbations, hospitalisation
and mortality [11, 13-15].

Improving lung function and limb muscle
function is expected to result in increased
capacity to perform exercise and, potentially, in
increased physical activity as measured by steps
per day, average daily walking time and walking
intensity [17]. Pulmonary rehabilitation,
defined by the American Thoracic Society/
European Respiratory Society as ‘a comprehen-
sive intervention based on a thorough patient
assessment followed by patient-tailored thera-
pies’ [46] plays an important role in the man-
agement of patients with COPD. The core of
pulmonary rehabilitation includes exercise
training, education and behaviour change,
which are designed to improve the physical
and psychological condition of people with
chronic respiratory disease and to promote
the long-term adherence to health-enhancing
behaviours [46]. Rehabilitation programs help
to decrease breathlessness, improve health-re-
lated quality of life and reduce healthcare util-
isation [16, 49, 50]. However, although
rehabilitation has been shown to enhance
exercise tolerance in patients with COPD [51],
this does not always guarantee the adoption of a
more active lifestyle, particularly in the long
term.

Pulmonary rehabilitation has been shown to
be more effective when given in combination
with bronchodilator therapy. In combination
with tiotropium, pulmonary rehabilitation
improved treadmill walking endurance time
compared with pulmonary rehabilitation alone,
and these improvements lasted up to 3 months
after completion of the pulmonary rehabilita-
tion programme [52]. Patient-reported involve-
ment in physical activities was also significantly
improved in patients taking tiotropium and
participating in pulmonary rehabilitation com-
pared with those taking placebo and pulmonary

rehabilitation [53]. Pulmonary rehabilitation
does have some limitations, one of which is that
the effects diminish over time if the exercise
training component of the intervention is not
maintained. Long-term maintenance of the
benefits of pulmonary rehabilitation require
changes in patient health behaviour, taking
into account personal needs, preferences and
personal goals [16].

Behaviour-change interventions such as self-
management behaviour modification pro-
grammes are designed to train and support
patients, in collaboration with physicians and
other healthcare professionals, via increased
patient engagement and maintenance of exer-
cise and physical activity [54]. The PHYSACTO
study was the first COPD trial in which all
patients received a self-management behaviour
modification programme to examine the effect
of bronchodilator therapy and exercise training
on exercise capacity and physical activity
(Fig. 2) [17]. In this study, tiotropium/olo-
daterol 5/5 pg significantly improved endurance
time during an ESWT after 8 weeks of treatment
compared with placebo, either with exercise
training (treatment ratio versus placebo 1.46;
95% CI 1.20, 1.78; P =0.0002) or without
exercise training (treatment ratio versus placebo
1.29; 95% CI 1.06, 1.57; P =0.0109) (Table 3)
[17]. Tiotropium/olodaterol 5/5 ng also signifi-
cantly improved IC compared with placebo,
either with or without exercise training
(Table 1) [17]. Furthermore, patients in this
study showed significant improvement in
adjusted mean distance walked + SE during the
6MWT when treated with tiotropium/olo-

daterol 5/5pg, with or without exercise
training, after 8 weeks compared with
placebo (27.33 £ 10.06 m [P =0.007] and

21.03 £ 9.89 m [P =0.034], respectively) [17].
After 12 weeks, self-management behaviour
modification alone resulted in a clinically
meaningful increase in physical activity, both
in terms of steps per day (adjusted mean change
from baseline + SE, 1098 + 325 steps per day,
representing a 20% increase from baseline) and
daily walking time (adjusted mean change from
baseline + SE, 10.86 + 3.53 min/day, repre-
senting a 16% increase from baseline). These
observed improvements in physical activity
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were not further increased with additional
interventions [17]. Importantly, patients also
perceived less breathing discomfort during
physical activities of daily living when bron-
chodilation with tiotropium/olodaterol and
exercise training were added to self-manage-
ment behaviour modification [17]. This study
highlights the need for combining behavioural
interventions with optimal bronchodilation
and pulmonary rehabilitation while improving
and maintaining comfort during physical
activities, with the hope of affecting long-term
change.

The combination of self-management beha-
viour modification, exercise training and tio-
tropium/olodaterol demonstrated the largest
effect on physical activity experience (assessed
using the amount and difficulty domains of the
daily version of the PROactive Physical Activity
in COPD instrument) and breathlessness during
daily life in patients with COPD [17]. This sup-
ports the concept that improving airflow,
symptoms and the experience of physical
activity, providing physical reconditioning with
exercise training and addressing psychological
factors are all important components to provide
patients with the best chance of increasing and
maintaining their physical activity.

SUPPORTING REAL-WORLD
EVIDENCE

Several clinical trials have consistently demon-
strated that treatment with tiotropium/olo-
daterol can make it easier for people with COPD
to stay active by reducing symptoms and the
difficulties related to physical activity
[20, 22, 28, 29, 37]. However, data from clinical
trials can be difficult to extrapolate to the gen-
eral population because of the stringent inclu-
sion criteria used to select participants for
clinical trials. Real-world data complement evi-
dence from clinical trials and help us to
understand the effects of therapies in everyday
clinical practice. With physical activity becom-
ing more and more important in the manage-
ment of patients with COPD, seeking to
understand the best way to address this in
everyday clinical practice has resulted in many

observational studies. For example, an observa-
tional study carried out in a very large popula-
tion from practices spread throughout
Germany, including both urban and rural areas,
investigated the effect of tiotropium/olodaterol
on physical functioning using the 10-item
Physical Functioning Questionnaire, which
provides a measure of physical activity in daily
living [55]. This study found that tiotropium/
olodaterol improved physical function and
health-related quality of life within 6 weeks of
treatment over a broad range of disease severi-
ties in patients with COPD [55]. In a similar
observational study evaluating tiotropium in a
large German population, the observed
improvements in physical function with tio-
tropium also had a positive effect on patients’
general condition, a physician-assessed measure
of a patient’s overall clinical condition evalu-
ated using the Physician’s Global Evaluation
score [56]. More recently, patients receiving
tiotropium/olodaterol in the OTIVACTO obser-
vational studies have, across several European
countries, reported improvements in their gen-
eral condition and ability to better manage their
daily routines [57, 58]. These tiotropium/olo-
daterol observational studies complement the
existing body of long-acting bronchodilator
clinical trial data on which to base the choice of
therapy to help improve quality of life for
patients with COPD.

CONCLUSION

Overall, the tiotropium/olodaterol programme
demonstrates that the introduction of dual
bronchodilation with tiotropium/olodaterol
reduces breathlessness during physical activity
versus the monocomponents alone in patients
with COPD, by reducing airway resistance and
helping to increase the expiratory flow rate,
therefore reducing the degree of hyperinflation
[26, 28]. Tiotropium/olodaterol also improves
lung function and reduces hyperinflation
(marked by increases in IC) compared with tio-
tropium alone or placebo and increases exercise
endurance capacity compared with placebo in
patients with COPD, both in individual trials
and in  meta-analyses/pooled  analyses.
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Although these changes do not always lead by
themselves to an increase in the level of physi-
cal activity that patients perform in their daily
lives, the data suggest that combining these
positive effects of long-acting dual bronchodi-
lation with behavioural and exercise training
interventions offers the best chance for the
adoption of an active lifestyle. These findings
support the body of data showing consistent
benefits of dual bronchodilation with tio-
tropium/olodaterol compared with tiotropium
alone across a variety of endpoints and a wide
range of patient groups.
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